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Abstract 
Numerical method was an important means of studying disc separator’s interior flow field for optimizing their design. 
While it reduced the required testing time and costs. Based on the VOF model, the discrete phase model, N-S 
equations and standard k-ε model, the disc separator’s interior flow field was simulated. The simulation results 
showed that: the larger the radius of the center hole the better separation, but the waste of some oil flowed away by 
water; the entrance location had no effect on the oil-water separation, so the seeper problem at the entrance can be 
solved by changing the direction of the entrance speed. 
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1. Introduction 
In recent years, CFD methods have been widely used in the centrifugal pump [1], hydrocyclones [2], 
diesel [3], the turbine [4] and the torque converter [5] and so on. Although the separator have been widely 
used in all walks of life, and the product also formed a certain scale, but there has little study about the 
separator’s separation model and flow field characteristic, with the lack of a theoretical research base. In 
the existing literature, it was mainly on the strength calculation and optimal design of the drum of 
separator [6], while the article of the flow field characteristic analysis of separator was few. Literature [7] 
analyzed the flow characteristics on the solid particles. To further study the influence of structural changes 
on the flow field characteristics, CFD software we used to simulate the oil - water - solid separation 
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process. The results would provide a theoretical basis for the design and optimization of separators, while 
reducing test time and product development costs. 
2. Separation model 
It is all the symmetry structure of axis in the drum of separator. In order to simplify the calculation 
model, modeling of the rotation axis is defined by two-dimensional model, shown in Fig. 1, instead of 
three-dimensional structure to solve in the gambit software. 
Computation model’s basic parameters are as follows: drum diameter is 150 mm, height is 95 mm, 
inlet diameter is 10 mm, disc has 52 pieces, thickness is 0.4 mm and disc gap is 0.5 mm. 
 
 
1– outlet of water, 2- outlet of oil, 3- fluid inlet, 4- rotation axis  
Fig. 1 separation model 
3. Governing Equation and Computing Method 
3.1. Governing Equation 
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In which, ρ is fluid density, p is pressure, μ is fluid dynamic viscosity, , ( , 1, 2,3)m nu u m n = is fluid 
velocity component, , ( , 1, 2,3)m nx x m n = is rectangular coordinates system, and mFρ is quality force. 
3.2. Computing Method 
Oil-water separation adopted VOF model, and used the Lagrangian to simulate the trajectory of 
discrete phase particle. The governing equation used Navier-Stokes equations, and turbulence model used 
standard k ε−  model. When equation was discretely controled, momentum equation, turbulent kinetic 
energy, turbulence dissipation equation adopted the first order upwind difference scheme. To solve the 
control equations, using SIMPLE algorithm. 
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4. Boundary conditions and particle parameters 
The export type was outflow, wall face speed was 800 rad/s, and turbulence intensity at the entrance 
was 1%. Meanwhile, the near wall treatment used standard wall face function, and the near wall adopted 
the locally refined mesh. Finally most of the yplus were between 20 and 60. And body force was applied 
to X-axis direction, namely, gravity. At the same time, the heat generated by friction was ignored, namely, 
there has no other additional source phases. 
Particle size distribution of impurities was vary from 1μm ~ 30μm. To use discrete phase model and 
release particles from the entrance, the smallest particle was 1μm, the maximum was 30μm, the average 
particle size was 10μm, and the transmission coefficient was 3.0. The parameters were shown in Table 1 
below: 
Table 1 granule parameters 
particle parameter tags values 
Total beam of particles/beam 2900 
Total number of particles/unit 323242 
Total mass of particles/mg 1.9×10-5 
Average diameter of particles/µm 10 
Max diameter of particles/µm 30 
Min diameter of particles/µm 1 
Particle density/ kg/m3 5000 
5. The influence of structural changes on the flow field characteristics of separator 
5.1.  The influence of center hole radius on the flow field characteristics 
Changing the size of the center hole, with 2.5 m/s inlet velocity to simulate, it obtained that the two 
center hole had little effect on the oil-water separator structure, but there had slight difference in the local 
of oil-water separation interface. Shown in Fig. 2, R46's center hole was close to the axis of rotation, with 
the result that some water couldn’t be separated due to inadequate movement travel and time, but it could 
reduce the waste of oil. Shown in Fig. 3, R58's center hole was close to the outer edge of the drum, so 
there was ample time for water to be separated, and this structure was good for more pure recycled oil, 
but more oil was taken away with the flow of water, forming waste. 
                    
Fig. 2 steady flow of oil-water separation of R46 center hole       Fig. 3 steady flow of oil-water separation of R58 center hole 
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The particles with 30μm-100μm in diameter can be separated fundamentally, thus when it changed 
the structure for the numerical simulation, the focus of study was the motion state of small diameter 
particle, namely, the particle with 1μm-30μm in diameter. The inlet velocities of these particles were 4m/s 
high-speed, in order to observe the separation efficiency under the limited treatment. It can be seen from 
Fig. 4 that nearly 1/3 particles has not been separated. As the same conditions, the disc group of R58 
center hole has strong ability for separation, except that only a few strands of particles has not been 
separated, which was shown in Fig. 5. 
 
                       
Fig. 4 granule distribution of R46 center hole                                             Fig. 5 granule distribution of R58 center hole 
The center hole turbulent kinetic energy distribution of R46 and R58 were respectively shown in 
Fig. 6 and Fig. 7. And the maximum turbulent kinetic energy of R58 discs was larger than that of R46 
discs. Meanwhile, in R46 discs, the turbulent kinetic energy of the outer edge disc space of the center hole 
was smaller than that of the center hole inside disc space, while it was contrary to this complexion for the 
R58 discs. And as this distribution of turbulent kinetic energy, it led that a small center hole disc group of 
R46 had poor separation for solid particles, and a large center hole disc group had good separation. 
 
          
Fig. 6 turbulent kinetic energy distribution of R46 center hole      Fig. 7 turbulent kinetic energy distribution of R58 center hole 
5.2. The influence of entrance location on the flow field characteristics 
The oil-water separation diagram was shown in Fig. 8, when the inlet velocity of feed was 2 m/s at X 
direction and Y direction. Fig. 8 showed that, in the case of constant inlet velocity, to change the location 
of the entrance, the distribution location of oil-water didn’t change basically. Since centrifugal force was 
not obvious at the entrance, while the greater inlet velocity played a major impact on the oil-water 
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distribution, so some water gathered at the entrance. The velocity distribution and vector of liquid at the 
entrance was shown in Fig. 9. 
 
       
Fig. 8 the diagram of oil-water separation in oblique direction for feed    Fig. 9 the velocity distribution and vector of liquid at the 
entrance 
6. Conclusion 
1) The inward movement of center hole would result in the poor particle separation and the decreased 
purity of oil, but it could reduce the waste of oil. The outward movement of center hole could increase the 
separation efficiency, and in the case of high inlet velocity, it could still achieve the separation 
requirement. Thus it could increase the handling capacity of separator. 
2) Changing the entrance location had no effect on the oil-water separation. The seeper at the entrance 
was caused by the direction of the inlet velocity. And after the change of the direction of inlet velocity, 
there was no seeper problem at the entrance. 
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